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ST-Segment Analysis Using Wireless Technology
in Acute Myocardial Infarction (STAT-MI) Trial
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David Hom, MS,‡ William Dougan, MICP,† Edo Kaluski, MD, FACC,*
Bunyad Haider, MD, FACC,* Marc Klapholz, MD, FACC*
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Objectives Our goal was to examine the effects of implementing a fully automated wireless network to reduce door-to-
intervention times (D2I) in ST-segment elevation myocardial infarction (STEMI).
Background Wireless technologies used to transmit prehospital electrocardiograms (ECGs) have helped to decrease D2I
times but have unrealized potential.
Methods A fully automated wireless network that facilitates simultaneous 12-lead ECG transmission from emergency
medical services (EMS) personnel in the field to the emergency department (ED) and offsite cardiologists via
smartphones was developed. The system is composed of preconfigured Bluetooth devices, preprogrammed re-
ceiving/transmitting stations, dedicated e-mail servers, and smartphones. The network facilitates direct commu-
nication between offsite cardiologists and EMS personnel, allowing for patient triage directly to the cardiac cath-
eterization laboratory from the field. Demographic, laboratory, and time interval data were prospectively
collected and compared with calendar year 2005 data.
Results From June to December 2006, 80 ECGs with suspected STEMI were transmitted via the network. Twenty pa-
tients with ECGs consistent with STEMI were triaged to the catheterization laboratory. Improvement was seen in
mean door-to-cardiologist notification (14.6 vs. 61.4 min, p  0.001), door-to-arterial access (47.6 vs. 108.1
min, p  0.001), time-to-first angiographic injection (52.8 vs. 119.2 min, p  0.001), and D2I times (80.1 vs.
145.6 min, p  0.001) compared with 2005 data.
Conclusions A fully automated wireless network that transmits ECGs simultaneously to the ED and offsite cardiologists for
the early evaluation and triage of patients with suspected STEMI can decrease D2I times to 90 min and has
the potential to be broadly applied in clinical practice. (J Am Coll Cardiol 2007;50:509–13) © 2007 by the
American College of Cardiology Foundation
ublished by Elsevier Inc. doi:10.1016/j.jacc.2007.04.049t
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ihe benefit of decreasing door-to-balloon times (D2B) in
cute ST-segment elevation myocardial infarction (STEMI)
as previously been widely reported (1–4). Strategies to
ecrease D2B times are often limited by multiple time-
ntensive steps. Implementation of wireless electrocardio-
ram (ECG) transmissions from the field to the emergency
epartment (ED) have recently been shown to significantly
ecrease D2B times but still require personnel in the ED to
orward the ECG to the cardiologist (5). The STAT-MI
roject (ST-Segment Analysis Using Wireless Technology
n Acute Myocardial Infarction) was devised to demonstrate
rom the *Division of Cardiology, Department of Medicine, †Division of Emergency
edicine, Department of Surgery, and ‡Department of Medicine, University of
edicine and Dentistry, New Jersey—New Jersey Medical School, Newark, New
ersey. Grants for this study were received from the Verizon Foundation (Basking
idge, New Jersey) and Medtronic Corporation (Minneapolis, Minnesota).M
Manuscript received February 21, 2007; revised manuscript received April 26,
007, accepted April 30, 2007.hat newer wireless technologies and software linked in a
etwork can facilitate simultaneous transmission of high-
esolution ECGs to both the ED and offsite cardiologists
nd further improve door-to-intervention (D2I) times. We
eport on the initial results of implementing this completely
utomatic notification and response system for the evalua-
ion and management of STEMI and its use in reducing
2I times.
ethods
etwork. The STAT-MI network was devised by a col-
aborative task force at the University of Medicine and
entistry, New Jersey—University Hospital led by cardiol-
gy staff and including members of emergency medical
ervices (EMS), ED, hospital administration, hospital in-
ormation and technology, telecommunications, medical
nformatics, and physician staff. Representatives fromedtronic Corporation (LIFEPAK 12, LifeNet Receiving
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and Verizon Wireless (phones,
wireless network, paging) assisted
in the implementation of this
network.
Study design. From June to
December 2006, all patients
identified by EMS personnel in
the field with suspected STEMI
were included using the newly
designed STAT-MI network.
All patients confirmed to have
STEMI were brought to the car-
diac catheterization (cath) lab for
primary percutaneous interven-
tion (PCI). All STEMI patients
transported by EMS in the pre-
vious year were used as historical
controls.
Network schematic. This fully
automated network, initiated
hrough the acquisition of an ECG by EMS personnel in
he field, is shown in Figure 1. Bluetooth-enabled
IFEPAK 12 defibrillators (Medtronic) automatically
ransmitted the 12-lead ECG to Bluetooth-enabled Mo-
orola E815 phones (Verizon Wireless) worn by EMS
ersonnel. E815 phones automatically transmitted the 12-
ead ECGs to the LifeNet Receiving Station (Med-
ronic), which automatically printed the ECG for local
eview, converted the ECG to Adobe PDF format, sent the
CG via University Hospital’s secure intranet to prespeci-
ed e-mail addresses of the cardiologists, and sent an
udible text page to the on-call cardiologist. No intervening
ction by any personnel was required once EMS activated
he system in the field. On-call cardiologists accessed via
heir handheld smartphones (Audiovox XV6700, Verizon
ireless) the e-mail with the attached PDF ECG file. The
-mail communication program used was NotifyLink (No-
ify Technology Corporation, San Jose, California). Elec-
rocardiograms were transmitted with an embedded tele-
hone number for the en route EMS personnel allowing for
irect communication before hospital arrival (Fig. 2). The
CG could be magnified and moved on the smartphone
creen allowing for detailed ST-segment and other wave-
orm analyses.
Based on the ECG and en route discussion with EMS, a
ecision for primary PCI was made. During regular hours
7 AM to 5 PM, Monday to Friday), the patient was brought
irectly to the cardiac cath lab. During off hours (5 PM to 7
M and weekends), the cath lab team would be notified, and
he patient would be delivered to the ED if the cath lab
eam had not yet arrived.
ata collection. Demographic and clinical data was col-
ected on all patients who were triaged to the cath lab and
nderwent primary PCI. Time data were collected begin-
Abbreviations
and Acronyms
ACC/AHA  American
College of Cardiology/
American Heart Association
D2A  door-to-arterial
access
D2B  door-to-balloon
D2I  door-to-intervention
ED  emergency
department
EMS  emergency medical
services
NRMI  National Registry
of Myocardial Infarction
PCI  percutaneous
coronary intervention
STEMI  ST-segment
elevation myocardial
infarctioning at the time that the ECG was transmitted. Door-to- gardiologist-notification time was the time from hospital
rrival to the notification of the cardiologist on call. If
otification occurred before hospital arrival as expected with
his network, a negative value was assigned. Door-to-
rterial access (D2A) time was the time between hospital
rrival and femoral arterial access. Time-to-first angiographic
njection was the time from hospital arrival to the first
ntracoronary injection of contrast. Time-to-wire across lesion
as the time between hospital arrival and the passage of the
Figure 1 Schematic of the STAT-MI Protocol and Network
ECG  electrocardiogram; EMS  emergency medical service; STEMI 
ST-segment elevation myocardial infarction; UMDNJ  University of Medicine
and Dentistry, New Jersey.uidewire across the culprit lesion. Door-to-intervention
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ntervention that restored patency of the culprit vessel. The
erm “intervention” as opposed to “balloon” was chosen as
ore congruent with “primary percutaneous intervention”
nd could include angioplasty, stenting, and/or mechanical
hrombectomy. Patients with suspected STEMI but with-
ut an interventional procedure were included in the anal-
sis of D2A times.
rimary end point. The primary outcome was to compare
2I times for primary PCI using the STAT-MI network as
ompared with D2I times in calendar year 2005.
econdary end points. Changes in the other time intervals
oted in the preceding text.
tatistical analysis. Analyses included descriptive statis-
ics, t test for independent means, chi-square, and Fisher
xact test for categorical analysis and Wilcoxon rank sum
onparametric analysis for comparing door-to-cardiologist
otification time, which had a nonparametric range of time
ntervals from 26 to 280 min. Other measurements of
ime interval are presented as means with standard devia-
ions in minutes. Analysis of variance using treatment
roups (STAT-MI or 2005 control subjects) and time of
resentation (day or night/weekends) as fixed factors exam-
ned independent and interaction effects when looking at
ey time measures. Statistical analysis was conducted using
PSS/PC V15.0 for Windows (SPSS Inc., Chicago,
llinois). Statistical significance was set at a value of p 
.05.
esults
CG transmission. Between June and December 2006, 80
CGs for suspected STEMI were transmitted from EMS
ersonnel to the cardiologist on call via the STAT-MI
etwork. Of these, 20 (25%) were interpreted as consistent
Figure 2 Sample ECG
Electrocardiogram (ECG) as seen in PDF format. Emergency medical service perso
number seen under “Responder” field. bpm  beats/min; HR  heart rate; MI ith STEMI, 11 (14%) nonspecific ST-segment or T-wave Sbnormalities, 11 (14%) supraventricular tachycardia, 10
12%) age-indeterminant Q-wave myocardial infarction, 8
10%) right bundle branch block/intraventricular conduc-
ion defect, 6 (7%) left ventricular hypertrophy, 3 (4%)
T-segment depressions suggestive of acute coronary syn-
rome, 3 (4%) sinus bradycardia, 1 (1%) paced rhythm, and
(9%) normal. Median time from ECG acquisition in the
eld to remote desktop availability was 2 min and to
isualization on smartphones 4 min. None of the 60 patients
ith non-STEMI ECGs sent to the ED was subsequently
ound to have STEMI. No STEMIs were missed because of
ailure to transmit from the field. One STEMI patient was
xcluded because of a cardiac arrest and prolonged resusci-
ation before intervention. Of the patients brought to the
ardiac cath lab, 3 had angiographically normal coronary
rteries, and 1 had nonobstructive coronary artery
isease.
aseline characteristics. Baseline characteristics for the 20
atients and 29 historical controls are shown in Table 1.
here were no significant differences between the 2 groups.
he majority of patients were men, and the most common
ntecedent cardiac risk factors were hypertension and ciga-
ette smoking.
ey time measure interval data. There was significant
mprovement in all key time interval measures (Table 2).
ean door-to-cardiologist notification time was reduced by
6 min (61.4 to –14.6 min, p 0.001), and mean D2A time
as reduced by 60 min (108.1 to 47.6 min, p  0.001).
he D2I time was reduced by 66 min (145.6 to 80.1 min,
 0.001).
ime interval measured by arrival time. Twelve (60%)
atients arrived during regular hours in the STAT-MI
roup compared with 14 (48%) patients in the control
roup. Eight (40%) patients arrived during off hours in the
one
rdial infarction.nnel ph
myocaTAT-MI group compared with 15 (52%) patients in the
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Wireless Transmission of ECGs in STEMI August 7, 2007:509–13ontrol group. Regardless of the time of day that patients
resented, the magnitude of benefit of the STAT-MI
etwork in reducing D2I times was similar (Table 3). No
nteraction between group assignment and time of presen-
ation was observed in any of the key time measures.
iscussion
hortening of D2B times remains a singular focus in the
anagement of STEMI (6), with current American College
f Cardiology/American Heart Association (ACC/AHA)
uidelines recommending a D2B time of 90 min for
aseline Demographic and Clinical Information*
Table 1 Baseline Demographic and Clinical Information*
2005 Control Subjects
(n  29)
STAT-MI
(n  20)
Age (yrs) 55.8 11.9 54.0 10.1
(range) (36–80) (39–81)
Men 19 (66%) 15 (75%)
Cigarette smoking history 18 (62%) 9 (45%)
Family history 10 (34%) 5 (25%)
Cocaine use 4 (14%) 1 (5%)
Previous CABG 0 1 (5%)
Previous PCI 4 (14%) 2 (10%)
Previous MI 4 (14%) 6 (30%)
Hypertension 16 (55%) 11 (55%)
Diabetes mellitus
Insulin-requiring 2 (7%) 1 (5%)
Noninsulin-requiring 5 (17%) 3 (15%)
Lipids
Mean LDL (mg/dl) 110 51 109 61
Mean HDL (mg/dl) 44 10 49 19
Medications
Aspirin 6 (21%) 3 (15%)
Beta-blocker 2 (7%) 5 (25%)
ACE inhibitor 4 (14%) 4 (20%)
Clopidogrel 2 (7%) 0
Statin 7 (24%) 5 (25%)
Angiotensin receptor blocker 2 (7%) 1 (5%)
Calcium-channel blocker 2 (7%) 1 (5%)
Warfarin 0 0
Aldosterone antagonist 0 0
Nitrates 1 (3%) 0
p  nonsignificant between all comparisons.
ACE  angiotensin-converting enzyme; CABG  coronary artery bypass grafting; HDL 
igh-density lipoprotein; LDL  low-density lipoprotein; MI  myocardial infarction; PCI  percu-
aneous coronary intervention; STAT-MI ST-Elevation Analysis UsingWireless Technology in Acute
yocardial Infarction trial.
Key Time Measure Interval Data
Table 2 Key Time Measure Interval Data
Time Measure (min) 2005 Control
Door-to-cardiologist notification* 61.
Door-to-arterial access 108.
Time-to-first angiographic injection 119.
Time-to-wire across lesion 137.
Door-to-intervention 145.*Wilcoxon rank-sum test.
Abbreviations as in Table 1.ortality benefit (7). Using the STAT-MI network, signif-
cant improvement was seen in all measured time variables
ith mean D2I times of 80.1 min.
2I time. The preponderance of improvement in D2I
ime in our study occurred as a consequence of much earlier
otification of the cardiologist on call—on average 15 min
efore patient arrival to the hospital. Time delays in patient
valuations and ECG acquisition and transmissions in
ctive EDs can delay the timely management of STEMI
atients (8). Wireless transmission of prehospital ECGs to
he ED has helped decrease D2B times and is now widely
ecommended (9). In the National Registry of Myocardial
nfarction (NRMI), a prehospital ECG is associated with
mproved D2B times (94.0 vs. 110.3 min) (10). Our study
ook further advantage of wireless technology by completely
utomating the process of ECG acquisition and transmis-
ion from the field to a handheld smartphone worn by
ardiologists. Embedding the EMS phone number on the
CG was a further refinement that allowed for direct
ommunication between the cardiologist and en route EMS
ersonnel.
The reduction in D2I times was similar regardless of time
f presentation. In a recent report from the NRMI registry
valuating time of day to D2B times, the shortest mean
2B time in any subgroup in the registry for regular and off
ours was 86 and 108 min, respectively, as compared with
ur study of 63 and 103 min, respectively (11).
AP-D2B alliance. In November 2006, the ACC
aunched the GAP-D2B initiative, a national quality im-
rovement campaign focused on shortening D2B times to
0 min or less. The D2B workgroup advocates 6 key
trategies including ED physician activation of the cath lab,
ingle-call activation of the cath lab, cath lab team arrival
ithin 20 min, prompt data feedback to cath lab and ED,
enior management commitment, and a team-based approach
12). Our study demonstrates that the application of wire-
ess technology with automatic notification of cardiology
rom the field and direct routing of the patient to the cath
ab produced significant time savings that can be additive to
he strategies articulated by the D2B workgroup.
tudy limitations. Comparison with historical controls can
e flawed by selection bias and differences in interventional
echniques or operator expertise. Our study and control
opulations were temporally contiguous (2006 vs. 2005),
nd review of our demographic data suggests that the
ts (n  29) STAT-MI (n  20) p Value
.6 14.6 12.9 0.001
.3 47.6 27.1 0.001
.5 52.8 29.1 0.001
.8 75.8 34.1 0.001
.9 80.1 35.4 0.001Subjec
4 76
1 73
2 69
8 71
6 76
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August 7, 2007:509–13 Wireless Transmission of ECGs in STEMIatient populations were clinically comparable. All patients
ith STEMI in the year 2005 and transported via EMS
ere included in this study, and all study patients were
onsecutive. Furthermore, there were no apparent differ-
nces in cath techniques, as procedural success, patency
ates, and case durations were similar between groups. The
1 min that it took to notify the on-call cardiologist in 2005
control group) clearly exceeded recommendations from
CC/AHA practice guidelines.
onclusions
fully automated wireless network that transmits ECGs
imultaneously to the ED and offsite cardiologists for the
arly evaluation, triage, and treatment of patients with
TEMI can decrease D2I times to 90 min and has the
otential to be broadly applied in clinical practice. This
echnology has moved the proverbial “door” to the patient’s
ome.
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